Similarly, zero-sequence voltages at the PoC can be compensated by regulating the zero-sequence currents within the system. This paper only concentrates on the correction of negative-sequence voltages, considering zerosequence voltages do not exist in case of three wire systems. Of course, zero-sequence voltages can be isolated by transformers when needed.
Furthermore, it is noted that measurements of zero-sequence components can be done simply by adding three-phase quantities, M while accurate positive-and negative-sequence components are difficult to be determined.
Therefore, zero sequence voltage correction can be trivially added to the control based on the proposed control scheme for negative-sequence voltage correction and is not discussed in this paper.
II. Control Scheme

DETERMINATION OF NEGATIVE-SEQUENCE CURRENTS
The basic principle of how to correct unbalanced voltage at the PoC with sequence-current control. It is suggested to determine the negative-sequence currents based on the voltage unbalance factor. To assess unbalanced voltages at the PoC, the voltage unbalance factor, KVUF is defined as the ratio between the amplitude of the negative-sequence voltage V− s and the amplitude of the positive-sequence voltage V+ s . The following constraint equation is proposed to calculate the desired current amplitude I −s :
Where I+ s is the amplitude of the positive-sequence current. Then, the resulting I − s is derived based on the ratio of unbalance voltages at the PoC from (1). However, the voltage unbalance factor at the PoC varies with the controlled negative-sequence currents, because the controller utilizes feed forward measurements of KVUF and operates in a open-loop. Consequently, this strategy may cause the value of KVUF in (1) to vary.
To ensure a stable correction, a smooth update method for KVUF is added to the control. The flow chart shown in Fig. 4 illustrates how to derive the final I − s . The currently measured quantity is referred to as KVUF(n), and the previous one is KVUF(n − 1 ). In Fig. 4 , the minimum threshold (Kmin) of negativesequence correction is defined according to practical demands, anda coefficient denoted by λ is introduced for smooth regulation when decreasing the output value of KVUF. Note that, for system protection, the current rating of the inverters is always checked before returning I − s . 
POSITIVE-AND NEGATIVE-SEQUENCE DETECTION
The factor KVUF is essential to get the amplitude of negative-sequence currents. Thus the separation of sequence voltages is central to get the value of KVUF, as well as to the synchronization with the utility grid. For unbalanced or distorted grid voltages, a multi-variable filter was introduced for detecting the positivesequence component in the stationary frame. After modification, this filter is able to directly filter out the fundamental positive and negative-sequence vectors.
The following mathematically demonstrates the multi-variable filter for symmetric sequence decomposition. For unbalanced distorted voltages, the positive-and negative-sequence components are in the α − β frame as expressed by where k denotes the harmonic number, ω1 denotes the fundamental radian frequency, and the superscript symbol "o" denotes conjugate. Let us look for a filter G+(t), which can damp all harmonic components of vαβ(t) but the fundamental positive-sequence component in the stationary frame. That is, 
Control Of Grid-Interfacing Inverters With Integrated Voltage Unbalance Correction
www.iosrjournals.orgTherefore, the detection for v+ α1(t)+jv+ β1(t) and v− α1(t)−jv−β1(t) are approximately achieved from (13) and (17). These equations can be easily implemented in the α− β frame by digital control, without complicated transformation to the SRF and the inverse transformation.
In practical applications, the negative-sequence component is too small to be detected accurately. This is because the input signals involve a large proportion of positive sequence components which are difficult to damp totally. Alternative signals _vαβ(t), with where the dominant positive-sequence component v+ αβ1 (t) = v+ α1(t)+jv+ β1(t) is abstracted, and can be used as input signals. This will improve the filtering effect for negative-sequence quantities. Fig. 5 illustrates the implementation diagram of the multiple-variable filter, where the bandwidth ωb for the positiveand negative-sequence filter is denoted by ωb1 and ωb2 respectively (the values can be different and adapted to practical situations). The central frequency ω1 is set at the fundamental frequency of the grid voltage. In case of grid frequency variations the bandwidth can be increased slightly, or ω1 can be adaptively updated with the measured fundamental frequency.
A frequency domain multi-variable filter plot is drawn based on (10) and the second equation in (16). Due to unity gain and zero phase-shift of the positive-sequence filter at the central frequency (50Hz), vαβ(t) + jvβ(t) can be directly derived. This manipulation is equivalent to a notch filter at the positive fundamental frequency, as shown in Figure   Fig 4: Multi variable filter plot in frequency domain with w 1 =314rad/s; and w b1 =w b2 =20
III. Reference Signals Generation
Figure shows the block diagram of the inverter's current reference generator. It consists of the detection of symmetric sequence voltages with a multi-variable filter, the VUF calculation, average power regulation and the signal synthesis. The first two processes have been detailed in the previous two subsections.
By utilizing the fundamental positive-and negative-sequence components filtered out by the filter, we can obtain Where V+mag and V −mag denote the magnitude of fundamental positive-and negative-sequence voltage, respectively.
Fig 3.1:Current reference generation for the inverter control
Consequently, two groups of per-unit signals can be derived with divisions, that is i+ α + ji+ β and i− * α +ji− * β ,According to the principle described in section II, negative-sequence currents are designed to keep a phase-shift θ− with the negative-sequence voltage. This phase-shift equals the negative line impedance angle for the maximum correction effect. Its mathematical derivation is
The positive-sequence current references are either in phase or in anti-phase with the positivesequence component of the grid voltage, depending on the desired direction for energy delivery. In this paper, the gain Kdir is set −1 in order to deliver energy to the utility grid.
In the average power control loop of figure the power reference Pis given, which can be determined according to the application, such as the active power generated by upstream DG or the power demanded by the downstream utility grid.
In order to eliminate the effects of double fundamental frequency ripple on the measured average power, the parameters should have a small proportional gain and a big integration time constant. In this work, the gain is chosen as 0.04 and the time constant is 0.02s. The output of the PI controller is used to regulate the amplitudes of the desired currents with the coefficient Kc. All together, it follows that the current references i*sαand i*sβ are derived in the stationary frame. This is beneficial for the controller design, since the controller presented in the next section is also designed in the stationary frame. The mathematical manipulations to optimally implement the above digital process are not the subject of this paper, and will be discussed elsewhere.
IV. Controller for Currentregulation
It is constructed by a double-loop current controller, that is an outer control loop with proportionalresonant (PR) controllers for eliminating the zero steady-state error of the delivered currents, and an inner capacitor current control loop with simple proportional controllers to improve stability. Instead of direct sampling, capacitor currents are calculated from the output currents and the inner filter inductor currents. These currents are measured anyway for over-current protection. To eliminate the zerosequence currents in unbalanced situations, the current reference i*sγ should be zero.
The control for both positive-and negative-sequence components would be much too complicated and computation-time consuming when conventional PI control with coordinate transformation were used.
Therefore, it is preferred to choose a PR controller in the stationary frame. A quasi-proportionalresonant controller with high gain at the fundamental frequency is used, where Kpis the proportional gain, Kr the resonant gain, and ωbrthe equivalent bandwidth of the resonant controller. A detailed design for the PR controller has been presented in, it is not duplicated here. Through optimizing, the parameters used in the simulation and experiment are Kp=0.5, Kr=50, and ωbr=20
V. Results:
Three-phase four wire grid-interfacing inverter at POC. 
